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Abstract 

 

 Oil is commonly added into pig diets to increase energy in animal feed formulation. Fifty-eight oil samples: 
1) crude coconut oil (n=11), 2) crude palm oil (n=6), 3) refined palm oil (n=6), 4) crude soybean oil (n=4), 5) refined 
soybean oil (n=5), 6) crude rice bran oil (n=6), 7) crude chicken oil (n=6), 8) crude lard (n=5) and 9) used oil (n=9) from 
pig farms, feed mills and traders in Thailand were collected and analyzed for quality by measurement of pH, percentage 
of total polar compounds (% TPC), peroxide value (PV), free fatty acid (FFA), iodine value (IV), percentage of impurity 
(% impurity) and percentage of moisture (% moisture). Results not only showed variations of oil quality in different 
kinds of oil, but also high variations of several parameters in some oils. As for palm oils, crude palm oil had higher FFA 
than refined palm oil (p=0.033), but significantly lower PV (p=0.005). The parameters of pH and FFA could be used for 
the identification of crude and refined grades of soybean oil. Correlation of % TPC between Thai commercial test kit 
and FOM 310 meter showed low positive correlation (approximately 25%). Therefore, the FOM 310 meter was 
recommended for checking % TPC of oils in pig farms and feed mills. Overall, the results of this study suggested that 
oil quality should be evaluated by the following parameters: % TPC, PV, FFA, IV, % impurity and % moisture. 
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Introduction 

Feed cost is the majority of cost in pig 
production in Thailand, which is approximately 70%. 
In general, energy source is beneficial to the 
improvement in pig performance. Adding some oils 
into the diet is usually practiced in swine feed 
formulation. In Thailand, soybean, rice bran and palm 
oils are commonly used in feed mills. However, the 
price of oil is a matter of concern to farmers due to its 
drastic increase of all kinds of oil. As a result, the 
utilization of used oil from human food industry has 
increasingly been introduced into “home made” feed 
formulation.  

Used oil was well documented to increase 
oxidation of the oil, decrease feed intake and reduce 
average daily gain (ADG) in weaned pigs affected by 
oxidative stress (DeRouchey et al., 2004; Rosero et al., 
2015). Many studies in rats and mice pointed out that 
oxidized oil induced oxidative stress and showed 
negative effect on immune response (Varady et al., 
2011; Yen et al., 2010). There were some studies of 
distillers dried grains with solubles (DDGS) and 
oxidized fat which indicated that diets containing 30% 
oxidized DDGS negatively affected growth 
performance and reduced hot carcass weight, dressing 
percentage, back fat depth, and longissimus muscle 
area in nursery and finishing pigs (Boler et al., 2012; 
Song et al., 2014). Several recent studies have 
concluded that good oils can change their physical and 
chemical composition when they are exposed to high 
temperature, some organic materials and moisture. 
Examples of toxic compounds found in oil include 1,4-
dioxane, benzene, toluene, hexyl-benzene and p-
anisidine value (AnV) (Liu et al., 2014). 

Thus, the quality of oil is the most important 
consideration for selecting oil in feed mills. Many 
parameters are analyzed for oil quality. 1) Free fatty 
acid (FFA) is a free form of fatty acid of which 
structures are changed by triglyceride by hydrolysis. A 
high number of FFAs is related to bad oil because it can 
easily make oil rancid and decrease pH. 2) Iodine value 
(IV) is the amount of iodine (grams) that inserts into 
the double bond (C=C) of fatty acid. Iodine numbers 
are used for measuring the amount of unsaturation in 
fatty acids. The unsaturation is in the form of double 
bonds which react with iodine compounds. The higher 
number of iodine, the more C=C bonds present in the 
fat. 3) Peroxide value (PV) is widely used to define the 
amount of peroxide oxygen per 1 kilogram of fat or oil. 
The concentration of peroxide in an oil or fat is useful 
for assessing the extent to which spoilage is advanced 
(Chakrabarty, 2003; Yin et al., 2011). Detection of 
peroxide for primary oxidation gives initial evidence of 
rancidity in unsaturated fats and oils. 4) Percentage of 
total polar compound (% TPC) is the several chemical 
compounds occurring from oxidation, hydrolysis, 
vaporization, dehydration and polymerization 
reactions. % TPC is the level of 25-27% as the rejection 
point for heated oils established by the regulatory 
agencies in European countries (Firestone et al., 1991; 
Paul and Mittal, 1997). However, % TPC has never 
been used to classify oil quality in animal feed 
industry.  

Thai field observation found that oxidized oil 
might have an effect on production efficiency and pig 
health such as impairment of immune response and 
growth performance as well as increase in percentage 
of loss in nursery pigs. In fact, there has been a wide 
use of oxidized oils in Thai commercial farms and feed 
mills despite the little knowledge about the effect and 
the lack of attention from pig farmers. Therefore, the 
aim of this project was to survey the quality of oils used 
in Thai pig farms. The results would be useful for better 
selection of oils for pig feed formulation in pig farms 
and feed mills. 

Materials and Methods 

Oil samples: Fifty-eight oil samples were collected 
during February to March 2013, and divided into nine 
groups depending on kinds of oil: 1) crude coconut oil 
(n=11), 2) crude palm oil (n=6), 3) refined palm oil 
(n=6), 4) crude soybean oil (n=4), 5) refined soybean oil 
(n=5), 6) crude rice bran oil (n=6), 7) crude chicken oil 
(n=6), 8) crude lard (n=5) and 9) used oil (n=9). The 
samples were collected from 2 oil traders, 3 pig feed 
mills and 41 pig farms. All oil samples were obtained 
from the western (n=31), eastern (n=19), central (n=7), 
and north-eastern (n=2) parts of Thailand. The oil 
samples were collected into 500 ml sterile glass bottles 
and kept at 4°C until assay.  
 
Laboratory analysis: The samples were evaluated for 
pH, % TPC, FFA, PV, % moisture, % impurity and IV 
as follows:  
1) pH: all samples were simply measured for acid-

base levels by pH meter 3 times per sample and 
then means of the pH were calculated.  

2) % TPC: the samples were analyzed for % TPC 
using two different techniques. 2.1) By the 
commercial rapid test kit (the Department of 
Medical Sciences, Ministry of Public Health of 
Thailand), % TPC was graded as follows: 1 = 9-

20%, 2  24%, 3  25%, 4  26% and 5   27%. 2.2) 
By FOM 310 meter (ebro® Electronic, Germany), 
the oil samples were boiled to 160°C and then % 
TPC was measured by FOM 310 probe. 

3) PV: the samples were measured for PV using 
AOCS Official Method Cd 8b-90 (AOCS, 2009b). 

4) FFA: all samples were checked for FFA according 
to AOCS Official Method Ca 5a-40 (AOCS, 
2009a). 

5) IV: the oils were analyzed for IV using the 
Lubrizol test procedure (Lubrizol et al., 2006).  

6) % impurity: the samples were checked for % 
impurity following the method of animal and 
vegetable fat and oil determination of insoluble 
impurities (ISO, 2007). 

7) % moisture: the oil samples were measured for 
percentage of moisture using the Mettler Toledo 
DL32 Karl Ficher Coulometric Titrator (Mettler-
Toledo International Inc, the USA).  

 
Statistical analysis: Results were primarily presented 

in terms of mean  SD and in range using a descriptive 
statistical analysis. Correlation between the methods 
was used to detect % TPC by Spearman’s rank 
correlation technique. In addition, all parameters 
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between the crude and refined grades of palm and 
soybean oils were analyzed by t-test using R program, 
R Core Team (2014) (R: A language and environment 
for statistical computing. R Foundation for Statistical 
Computing, Vienna, Austria). A value of p < 0.05 was 
considered statistically significant. 

Results 

The results of all oil parameters are shown in 
Table 1. Crude rice bran oil, crude chicken oil, crude 
lard and used oil had lower pH than the others. 
Refined palm oil, crude chicken oil and crude lard 
showed very low level of % TPC, while crude coconut 
and crude rice bran oils had a huge number of % TPC. 
Crude rice bran oil had very high level of FFA followed 
by crude coconut oil and used oil. Surprisingly, not 
only crude rice bran and crude chicken oils had high 
levels of PV, but also both crude and refined soybean 
oils. Crude rice bran oil showed the highest level of % 

moisture that consequently found in used oil.  
Moreover, crude rice bran oil had higher % impurity 
than the other oils. Used oil showed the highest % 
impurity compared to the others. For IV, almost all oil 
samples were in their own normal range, except crude 
coconut oil and used oil (Table 1). For palm oils, crude 
palm oil had significantly higher FFA than refined 
palm oil (p=0.033), while crude palm oil showed lower 
PV than refined palm oil (p=0.005). The iodine value 
tended to increase in refined palm oil, but there was no 
significant difference (p=0.059). For soybean oils, there 
were no significant differences in all parameters 
between crude and refined soybean oils (Table 2). 

The correlation of % TPC analysis between 
the two methods showed low positive correlation 
(Spearman’s rho = 0.527). For the observation of oil 
prices, soybean oils were the most expensive followed 
by palm oils, crude lard, crude chicken oil, crude 
coconut oil and used oil. 

 
Table 1 Analysis of oil samples 
 

Oil sample (n) 
Price (Baht) pH % TPC (FOM 310) FFA 

mean  SD range mean  SD range mean  SD range mean  SD range 

Crude coconut oil (11) 23.50  2.09 22.00-27.00 6.30  0.73 5.15-7.76 35.70  9.95 10.50-40.00 8.83  4.80 0.63-17.82 

Crude palm oil (6) 25.20  1.38 24.00-26.50 6.28  0.64 5.34-6.98 18.90  15.01 3.00-37.00 2.29  1.76 0.18-4.85 

Refined palm oil (6) 29.67  1.21 29.00-32.00 6.72  0.84 5.15-7.62 7.33  10.33 2.00-28.00 0.29  0.07 0.18-0.36 

Crude soybean oil (4) 33.42  8.95 28.00-43.80 6.95  0.26 6.54-7.47 20.00  8.62 10.00-27.00 1.71  0.40 1.19-2.19 

Refined soybean oil (5) 45.10  2.01 43.00-47.50 6.11  0.71 5.46-7.11 19.40  9.93 9.00-32.00 1.24  0.20 0.89-1.38 

Crude rice bran oil (6) 22.00  4.10 18.00-27.00 5.33  0.48 4.69-5.77 31.83  14.15 15.50-40.00 31.19  20.27 9.74-60.48 

Chicken oil (6) 24.67  2.07 21.00-27.00 5.92  1.04 4.48-7.03 9.50  6.81 2.50-19.00 1.84  1.04 0.79-3.54 

Crude lard (5) 25.40  3.05 22.00-29.00 5.40  0.87 4.62-6.89 9.10  6.92 2.00-23.50 1.18  1.16 0.40-3.05 

Used oil (9) 19.60  4.40 13.00-27.00 5.81  1.01 4.64-7.03 20.00  8.58 9.50-40.00 7.50  14.10 1.59-47.10 

 
Table 1 Analysis of oil samples (Cont) 
 

Oil sample (n) 
PV* % Moisture % Impurity IV1 

mean  SD range mean  SD range mean  SD range mean  SD range 

Crude coconut oil (11) 7.79  4.94 1.99-17.98 0.21  0.08 0.12-0.40 0.02  0.02 0.00-0.06 23.09  22.74 12.00-88.00 

Crude palm oil (6) 4.73  1.62 1.98-5.96 0.08  0.03 0.04-0.11 0.09  0.16 0.02-0.42 34.83  22.69 16.00-59.00 

Refined palm oil (6) 8.59  1.62 5.94-9.92 0.07  0.02 0.04-0.09 0.02  0.01 0.01-0.04 56.80  0.98 56.00-58.00 

Crude soybean oil (4) 10.45  3.44 5.95-12.00 0.13  0.04 0.06-0.25 0.06  0.02 0.01-0.10 108.50  26.58 75.00-128.00 

Refined soybean oil (5) 18.23  12.62 7.92-35.64 0.09  0.03 0.06-0.14 0.00  0.00 0.00-0.00 114.80  22.99 74.00-127.00 

Crude rice bran oil (6) 12.93  10.30 1.98-31.87 12.19  18.50 0.74-46.29 1.97  2.60 0.06-5.56 82.67  14.29 59.00-98.00 

Chicken oil (6) 12.87  13.36 3.98-39.20 0.12  0.16 0.01-0.20 0.13  0.19 0.00-0.50 73.50  9.59 59.00-85.00 

Crude lard (5) 5.17  2.27 1.99-7.98 0.17  0.25 0.02-0.62 3.15  3.94 0.61-10.16 66.20  6.69 55.00-71.00 

Used oil (9) 6.75  2.13 3.96-9.92 6.61  20.08 0.04-63.76 2.56  7.41 0.05-23.64 67.60  21.58 10.00-93.00 

* The unit of PV is mEq/kg. 
 1 The normal range of IV is 6.3-10.6 for coconut oil, 50.0-55.0 for crude palm oil, 14.1-21.0 for palm kernel oil, 20.0-28.0 for palm kernel 

olein oil, 90.0-115.0 for rice bran oil, 124.0-139.0 for soy bean oil, 48.0-54.0 for lard (FAO, 2009) and 45-75 for lard (Ockerman, 1991). 
 
Table 2 Differentiation between crude and refined grades of palm oil and soy bean oil analyzed by t-test technique (data reported 

as mean  SD) 
 

Parameter 
Crude 

palm oil 
Refined 
palm oil 

p-value 
Crude 

soy bean oil 
Refined 

soy bean oil 
p-value 

pH 6.28  0.64 6.72  0.84 0.418 6.95  0.26 6.11  0.71 0.075 

% TPC 18.90  15.01 7.33  10.33 0.227 20.00  8.62 19.40  9.93 0.926 

FFA 2.29  1.76 0.29  0.07 0.033 1.71  0.40 1.24  0.20 0.076 

PV 4.73  1.62 8.59  1.62 0.005 10.45  3.44 18.23  12.62 0.272 

% Moisture 0.08  0.03 0.07  0.02 0.383 0.13  0.04 0.09  0.03 0.389 

% Impurity 0.09  0.16 0.02  0.01 0.302 0.06  0.02 0.00 ND 

IV 34.83  22.69 56.80  0.98 0.059 108.5  26.58 114.8  22.99 0.704 

 

Discussion 

The results revealed a high number of 
standard deviations of means in all parameters due to 
huge variations in oil quality on pig farms. Crude 

coconut oil had a high IV because two of the eleven 
samples had more IV than expected. It is possible that 
the samples might have different types of oil added 
into the coconut oil. Normally, coconut oil is composed 
of saturated fatty acid, so it is quite impossible for 
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coconut oil to have such a high IV (APCC, 2003; 
Katragadda et al., 2010). Moreover, coconut oil had a 
higher number of % TPC than the other oils because it 
consists of a lot of medium and short chain saturated 
fatty acids that easily break from triglyceride 
molecules (Choe and Min, 2007; FAO, 2009). However, 
the crude oils tended to have a higher % TPC than the 
refined oils. For the result of FFA, used oil showed an 
extremely high number of FFA (47.1%) compared to 
the other samples having FFA in the normal range. 
Some studies reported that used oil from a waste 
clarifier could reobtain normal FFA range by adding 
chemical or absorbent agents before being sold 
(Bhattacharya et al., 2008; Lin et al., 2001). The increase 
in FFA is also associated with the action of several 
enzymes such as lipases, peroxidases and 
phospholipases in the grains or the microflora 
contributing to the breakdown of triglyceride ester 
bonds (Zadernowskl et al., 1999). The result of PV 
ranging from 1.98-39.20 mEq/kg implies that Thai oils 
have a high variation of oxidation states. PV is 
classified into 3 oxidation levels: low, 1-5 mEq/kg; 
medium, 5-10 mEq/kg; and high, 10-20 mEq/kg 
(O'Brien, 2004). Unsurprisingly, crude rice bran oil had 
the lowest pH because it contains the highest number 
of FFA (Meisner and Tenner, 1977). It also had the 
highest % moisture as well. The results of the present 
study are in agreement with those of Lorini and 
colleagues, who found that high moisture and high 
temperature seed storage affected oil quality 
parameters (Lorini et al., 2006). Interestingly, the used 
oil sample had several similar parameters to the other 
oils in the present study. Because of the quite low 
correlation between the 2 methods for analyzing % 
TPC, the Thai commercial test kit provided a rougher 
scale than the FOM 310 meter. Thus, the FOM 310 
meter is recommended for the measurement of % TPC 
in oil samples on pig farms. The result of crude coconut 
and crude rice bran oils showed low level of PV, but 
huge number of % TPC, indicating that they were 
oxidized oils (Shurson et al., 2015). 

In conclusion, a variety of qualities of oils 
used in Thai pig farms and feed mills were found in the 
present study. Thus, oil quality should be evaluated 
before use by the following parameters: % TPC, PV, 
FFA, IV, % impurity and % moisture. Particularly in 
palm oil, the parameters of PV, IV and FFA are crucial 
for the identification of crude and refined grades. 
However, FFA should be used to classify soybean oil 
into crude and refined grades. Moreover, it is 
suggested that sterile glass bottles should be used for 
collection of oil samples to reduce oxidation reaction. 
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บทคัดย่อ 

 

การส้ารวจคุณภาพของน ้ามันที่ใช้ในฟาร์มสุกรของประเทศไทย 

 

อลงกต บุญสูงเนิน1,2,3  ประภัสสร บุญสูงเนิน4  พิชัย จิรวัฒนาพงศ์1  ณัฐวุฒิ รัตนวนิชย์โรจน์1  ปริวรรต พูลเพ่ิม1* 
  

การค้านวณสตูรอาหารในสุกรปกติจะต้องมีน ้ามันเป็นองค์ประกอบเพื่อเป็นแหล่งพลังงานในอาหาร การศึกษานี ท้าการเก็บตัวอย่าง
น ้ามันจ้านวน 58 ตัวอย่าง ซึ่งประกอบด้วย 1) น ้ามันมะพร้าว (n=11), 2) น ้ามันปาล์มดิบ (n=6), 3) น ้ามันปาล์มบริสุทธิ์ (n=6), 4) น ้ามันถั่ว
เหลืองดิบ (n=4), 5) น ้ามันถั่วเหลืองบริสุทธิ ์(n=5), 6) น ้ามันร้าข้าวดิบ (n=6), 7) น ้ามันไก ่(n=6), 8) น ้ามันหม ู(n=5) และ 9) น ้ามันที่ผ่าน
การใช้งานแล้ว (n=9) จากโรงผสมอาหารในฟาร์มสุกร โรงงานผลิตอาหารสุกร และผู้ค้าน ้ามันในประเทศไทย ท้าการตรวจคุณภาพตวัอย่าง
น ้ามันทั งหมดโดยการวัด pH เปอร์เซ็นต์ของสารที่มีขั วทั งหมด (percentage of total polar compounds; % TPC) ค่าเปอร์ออกไซด์ 
(peroxide value; PV) ค่ากรดไขมันอิสระ (free fatty acid; FFA) ค่าไอโอดีน (iodine value; IV) เปอร์เซ็นต์ของสารที่ไม่บรสิุทธิ ์
(percentage of impurity; % impurity) และเปอร์เซ็นต์ความชื น (percentage of moisture; % moisture) นอกจากจะพบว่า น ้ามนัที่
ต่างชนิดกันมีคุณภาพที่แตกต่างกันแล้ว การศึกษานี ยังพบว่า น ้ามันแต่ละชนิดมีความผันแปรในแต่ละตัวอย่างอีกด้วย ผลของการเปรียบเทียบ
น ้ามันปาล์มชี ให้เหน็ว่า น ้ามันปาล์มดิบมีค่า FFA ที่สูงกว่าน ้ามันปาล์มบริสุทธิ์ (p=0.033) แต่กลับมีค่า PV ที่ต่้ากว่า (p=0.005) ส่วนการแยก
ชนิดของน ้ามันถั่วเหลืองเป็นน า้มันถั่วเหลืองดิบกับน ้ามันถั่วเหลืองบริสทุธิ์สามารถใช้ค่า pH และ FFA ได้ นอกจากนี  พบความสัมพันธ์ของการ
ตรวจค่า % TPC โดยใช้ชุดตรวจสอบอย่างง่ายที่ผลติขึ นในประเทศไทยกับเครื่องมือตรวจวัด (FOM 310 meter) อยู่ในระดับต่้า (ประมาณร้อย
ละ 25) ดังนั น จึงแนะน้าให้ท้าการตรวจวดัค่า % TPC ในตัวอย่างน ้ามันด้วยเครื่องมือ FOM 310 meter จากผลการศึกษาทั งหมดนี สรุปไดว้่า 
น ้ามันที่จะใช้ในสูตรอาหารสุกรควรได้รบัการตรวจสอบคุณภาพโดยการตรวจค่า % TPC, PV, FFA, IV, % impurity และ % moisture 
 
ค้าส้าคัญ: ดัชนีชี วัดคุณภาพน ้ามัน ฟาร์มสุกร การส้ารวจ ประเทศไทย 
1ภาควิชาเวชศาสตร์และทรัพยากรการผลิตสตัว์ คณะสัตวแพทยศาสตร์ มหาวิทยาลัยเกษตรศาสตร์ วิทยาเขตก าแพงแสน นครปฐม ประเทศ

ไทย 
2ศูนย์เทคโนโลยีชีวภาพเกษตร มหาวิทยาลัยเกษตรศาสตร์ วทิยาเขตก าแพงแสน นครปฐม ประเทศไทย 
3ศูนย์ความเป็นเลิศด้านเทคโนโลยีชีวภาพเกษตร ส านักพัฒนาบัณฑิตศึกษาและวิจยัด้านวิทยาศาสตร์และเทคโนโลยี ส านกังานคณะกรรมการ

การอุดมศึกษา กรุงเทพฯ ประเทศไทย 
4ภาควิชากายวิภาคศาสตร์ คณะสัตวแพทยศาสตร์ มหาวิทยาลัยเกษตรศาสตร์ กรุงเทพฯ ประเทศไทย 
*ผู้รับผิดชอบบทความ E-mail: fvetpap@ku.ac.th 
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